I. Two experiments were conducted to assess the nutritional value of lupin (Lupinus albus)-seed meal for growing pigs. In the first, the availability of lysine was assessed using slope-ratio analysis. In the second, the effects of autoclaving lupin seeds and formulating the diets on the basis of estimated digestible or net energy were assessed.
E. S. B A T T E R H A M A N D O T H E R S
Although the ileal digestibility by pigs of lysine and other amino acids in both L. angustifolius and L. alhus is high, the ileal digestibility of dry matter and energy is low (about 0.50; Taverner, 1982; ). However, the overall digestibility of dry matter and energy is high (about 0.85) as a considerable proportion is digested in the hind-gut (Taverner, 1982; , presumably involving the microbial production of volatile fatty acids and their absorption through the wall of the hind-gut. This is thought to result in a lower net energy absorption than when the energy is absorbed as carbohydrates and triglycerides in the small intestine (Just et al. 1983) . As a consequence, estimated that, while 0.67 of the digestible energy in wheat was available as net energy, for lupin-seed meal the proportion was only 0.55. As the diets for the slope-ratio assays for L. angustifolius (Batterham et al. 1984) and for other production experiments (Batterham, 1979; King, 1981; Taverner, 1982) were formulated on a digestible energy basis, it is possible that the net energy in these diets may have been lower and this may have contributed to the lower performance of the pig.
The net energy of diets can be assessed by determining the amounts of energy deposited in the carcasses of growing pigs that have similar growth rates, so that the maintenance energy component is similar for all diets. With slope-ratio assays, growth rate increases with increasing lysine dose and, therefore, the net energy of the diet may increase. However, the slopes of the responses of energy deposition v. lysine dose should be similar if the net energy contents of the diets containing the test proteins are the same as the diets used to determine the standard lysine response. This could be assessed by determining the amount of energy deposited during the slope-ratio assay.
In previous slope-ratio assays with growing pigs, food conversion efficiency (FCE) on a carcass basis was found to be the most appropriate criterion of response as it took into account both differences in food intake and gut contents (Batterham et al. 1979 (Batterham et al. , 1984 . In using carcass gain as a response criterion it is assumed that lean deposition is similar with increasing dose level. This was verified by assessing the lean content of the hams of pigs used in the slope-ratio assays. However, in the results of Batterham et al. (1984) , although there were no significant differences in the slopes of lean deposition for pigs fed on the test proteins and the standard lysine response, there was a small difference between regressing the measure of response v. lysine intake. In the second experiment, the effects of formulating diets on either an estimated digestible energy or a net energy basis and of autoclaving the lupin seed were investigated. These treatments were designed to determine whether a deficiency of net energy or the presence of heat-labile anti-nutritional factors was responsible for the low estimates of lysine availability in lupin-seed meal.
E X P E R I M E N T A L

Protein concentrates
The compositions of the wheat, wheat gluten and the five protein concentrates are presented in Table 1 . The lupin-seed meals were either Hamburg (nos. 1 and 2 ) or Ultra (no. 3) cultivars and were coarsely crushed through a hammer mill. The soya-bean meal was 'prepress' solvent extracted.
Expt 1 . Slope-ratio assay for lysine availability
For the slope-ratio assays, diets were formulated to contain graded levels of free lysine or lysine supplied by the test ingredients. Linear regression coefficients of response (say FCE) to increasing dose level of test protein and standard lysine were calculated, and the linear regression coefficient ratio, test protein: standard lysine, provided an estimate of the potency of the lysine in the test protein.
Diets. The five protein concentrates were assayed in one experiment. This involved the use of thirty-one diets: the basal diet (blanks), five diets to determine the pigs' response to standard lysine and five for each protein concentrate. The basal diet contained (g/kg): wheat 650, wheat gluten 100, L-lysine monohydrochloride 2.05, L-tryptophan 0.3, mineral and vitamin premix 6.75, bone meal 30, Solkafloc 38, soya-bean oil 25, wheat starch 147.9. The wheat was of medium protein which, in combination with the wheat gluten, supplied adequate quantities of all the amino acids except lysine which was added to bring the basal level up to 5.2 g/kg, and tryptophan which was added as a precaution. The six levels of lysine used to determine the pigs' response to standard lysine were in 500-mg increments of L-lysine/kg and were provided by the addition to the basal diet of L-lysine monohydrochloride, anhydrous, 98 % pure, supplied by Ajinomoto Co. Inc., Japan. The protein concentrates were incorporated into the diets at five inclusion levels (40-200 g/kg for the lupin-seed meal, and 20-100 g/kg for the meat-and-bone meal and soya-bean meal) at the expense of wheat starch. The mineral and vitamin premix contributed (mg/kg diet): iron 60, zinc 100, manganese 30, copper 5, iodine 2, selenium 0.15, sodium chloride 2.8 g, potassium 0.6 g, retinol equivalent 960 pg, cholecalciferol 12 pg, cc-tocopherol 20, thiamin 1.5, riboflavin 3, nicotinic acid 14, pantothenic acid 10, pyridoxine 2.5, cyanocobalamin 15 pg, pteroylmonoglutamic acid 2, choline 500, ascorbic acid 10, biotin 0.1, olaquindox 25.
The digestible energy content of the protein concentrates and dietary components was estimated using results of previous determinations at this Agricultural Institute or values from the literature. Dietary energy was maintained at 14.1 MJ/digestible energy using wheat starch and soya-bean oil as non-protein energy sources.
Animals andprocedures. The thirty-one diets were arranged in a randomized block design. The pigs were blocked on 7-week weight, sex and position in the experimental facilities. There were four blocks, two containing males and two females, all of the Large White breed. The pigs were penned individually and water was supplied by 'nipple' drinkers. Dietary treatments were introduced when the pigs reached 20 kg live weight.
The diets were offered at a daily rate of 1000 g at 20 kg live weight, with 100 g increments for each 2.5 kg increase in live weight. The pigs were fed eight times daily, at intervals of 3 h, with an automatic feeder to ensure full utilization of added free amino acids . The food was offered dry. Rations were adjusted after the weekly weighings of the pigs. The pigs were slaughtered after reaching a minimum weight of 45 kg and the hot eviscerated carcass weights were recorded. The carcasses were chilled overnight at 4", then split. The left-hand side carcass was stored at -15", then ground, mixed, sampled and freeze-dried before chemical analyses.
Pig response was assessed in terms of daily live-weight gain, FCE, killing-out proportion, daily carcass gain, FCE on a carcass basis, fat, protein and energy contents of carcass, fat depositionld, protein depositionld and energy depositionld, protein deposited: food intake, protein deposited: lysine intake and energy deposited : energy intake.
The following factors were used in the previously mentioned calculations. The factor of 0.69 was used to estimate carcass weight from initial live weight. This value was previously determined with five male and five female piglets slaughtered at 20 kg live weight. Energy retained as protein and fat was calculated from the chemical analysis of the carcass material using the factors 24.2 (Jordan & Brown, 1970) and 39.6 (Burlacu et al. 1973) to convert protein (kg) and fat (kg) to MJ energy. The carcasses at the start of the experiment were assumed to have a fat content of 11 8 g/kg (males) and 141 g/kg (females), and a protein (N x 6.25) content of 164 g/kg (males) and 152 g/kg (females). These values were estimated in four pigs of each sex previously slaughtered at 20 kg live weight.
Daily carcass gain, FCE on a carcass basis, protein deposited/d and protein deposited: food intake were regressed v. lysine dose level by the slope-ratio assay technique of Finney (1964) for multiple assays. Availability estimates and standard deviations were calculated.
The four measures of response were also regressed v. lysine intake and the results were analysed by the method of Campbell (1966) . Standard deviations were determined according to Finney (1964) .
The results for killing-out proportion and energy retained : digestible energy intake were regressed against lysine for each protein concentrate. These analyses were conducted to determine whether there was any effect of inclusion level of protein concentrate on these measures.
Expt 2. Effect of autoclaving and energy supplementation
Dietary components. The wheat, lupin-seed meal (no. 3) and soya-bean meal were as in Expt 1.
For the heat treatments, lupin seed was placed to a depth of approximately 90 mm in wire trays and autoclaved at 121" for 5 min. The seed was then cooled, dried in a forced-draught oven at 70" for 2 h to original air-dry weight. Both the autoclaved and unheated lupin seed were coarsely crushed through a hammer mill before incorporation into the diets.
Diets. The basal diet (Table 2) was formulated from wheat and lupin-seed meal to be lysine-deficient (8 g lysine/kg) and to contain 1 4 3 MJ digestible energy/kg. All other essential amino acids were adequate, relative to the balance recommended by the Agricultural Research Council (l98l), except for methionine which was added.
Soya-bean meal was used as a positive control (diet 5), and was formulated to a similar lysine and digestible energy content as diet 1.
The net energies of the lupin-seed and soya-bean meal diets were estimated to be 8.9 and 9.5 MJ/kg. These values were based on estimated net energy:digestible energy values of 0.55,0.55 and 0.67 for the lupin-seed and soya-bean meals and wheat respectively . The diets were equalized for estimated net energy using soya-bean oil (net energy: digestible energy value estimated as 0.80; D. J. Farrell, personal communication).
Assessment of performance. The five diets were arranged in a randomized block design. The pigs were blocked on 7-week weight, sex and position in the experimental facilities. There were ten blocks, five containing males and five females, all of the Large White breed. The pigs were penned individually. Introduction of treatments, frequency of feeding, feeding rates and assessment of performance were as for Expt 1.
Statistical analyses. The results were examined by analysis of variance. The responses to autoclaving and oil supplementation were analysed as a 2 x 2 factorial. The comparisons of individual dietary responses (diets 1-4) with soya-bean meal (diet 5) were assessed by least significant difference (LSD).
Chemical analyses
The techniques used were as reported by Batterham et al. (1984) , except for fat in the carcass (Pettinati & Swift, 1975) , manganese (Association of Official Analytical Chemists, 1975) and total alkaloids (Priddis, 1983). 
RESULTS
Expt 1. Slope-ratio assay for lysine availability
Performance results of the pigs are presented in Tables 3-5. All pigs remained healthy throughout the experiment, although there was a small amount of food rejection by most pigs.
The level of inclusion of protein concentrate depressed killing-out proportion in the pigs given the three lupin-seed meals (P < 0.05). The proportion of energy retained in the carcasses was unaffected by the standard lysine doses or inclusion levels of soya-bean meal.
Energy retention was significantly less (P < 0.05) with the three lupin-seed meals and the meat-and-bone meal.
With lupin-seed meal no. 2, in the slope-ratio analyses for daily carcass gain and FCE on a carcass basis, there was significant curvilinearity (P < 0.05 level was deleted from the analyses and the slope-ratio estimates were then statistically valid (Table 6) .
Using FCE on a carcass basis as the criterion of response, availability was low in the three lupin-seed meals (0.44-0.57) and meat-and-bone meal (0.42) and high in the soya-bean meal (0.80).
When protein depositedld or protein deposited: food intake were used as the measures of response, availability was higher in the three lupin-seed meals, lower in meat-and-bone meal and similar in soya-bean meal. Standard deviations were higher (0.14-0.16) than those of estimates based on FCE on a carcass basis (0.10-0.1 1).
When the measures of response were regressed v. lysine intake (Table 7) , blanks were significant ( P < 0.01) in both analyses, and there were significant intercept or curvature with three meals. Availability estimates and standard deviations were generally higher than those for the slope-ratio analyses.
Expt 2. Eflect of autoclaving and energy supplementation
All pigs appeared healthy, although minor food rejection occurred with most pigs in the early stages of the experiment.
There were no differences in initial and final live weights, live-weight gains or days on experiment ( Table 8) . Killing-out proportion was significantly (P < 0.05) lower for pigs fed on diets containing lupin-seed meal relative to soya-bean meal. As a consequence, carcass gains were significantly greater and FCE higher in pigs fed on the soya-bean meal diet. t Availability estimates invalid as intersection (meal nos. 1 and 2) and curvature were significant ( P < 0.05).
Autoclaving lupin-seed meal had no effect on growth performance. The addition of oil resulted in higher FCE on both a live weight and carcass basis ( P < 0.01).
There were no differences in the protein contents of the carcasses of pigs given lupin-seed meal or soya-bean meal (Table 9 ). However, protein deposition/d was lower for the pigs given lupin-seed meal ( P < 0.05). Autoclaving lupin seed had no effect on protein deposition, whereas the addition of oil depressed it (P < 0.01).
Fat in the carcass was greater in pigs given soya-bean meal relative to lupin-seed meal (P < 0-05) (Table 10) . Autoclaving had no effect on fat deposition. The addition of oil increased fat deposition in pigs given lupin-seed meal (P < 0.01).
Less energy was retained in the carcasses of pigs given lupin-seed meal relative to those given soya-bean meal (Table 11 ). The addition of oil to the diets containing lupin-seed meal increased energy deposition/d (P < 0.01). However, the ratio, energy deposited : digestible energy intake was significantly greater in pigs given soya-bean meal relative to those given lupin-seed meal with additional oil supplementation (P < 0.01).
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DISCUSSION
Expt I . Slope-ratio assay for lysine availability The availability estimates based on FCE on a carcass basis as the index of response are similar to values reported previously. The low lysine availability of approximately 0.5 1 for L. albus seed meal is similar to the availability in cultivars of L. angustifohs reported by Batterham et al. (1984) . The value of 0.80 for soya-bean meal is slightly lower than the estimates of 0.85 (Batterham et al. 1979 ) and 0.89 and 0.98 (Batterham et al. 1984) , but is within the range anticipated considering the SD for the slope-ratio estimates is approximately 0.10. The low estimate of 0.42 for meat-and-bone meal is slightly lower than the range of estimates, 0.48 to 0.88, for commercial meat-and-bone meals (Batterham et al. 1986b) .
The differences in estimates of availability when the results were assessed on a protein rather than a carcass basis ( Table 6) is unusual. For three meals (the lupin-seed meals) the values were higher and for the remainder (meat-and-bone meal and soya-bean meal) lower. When energy intake is controlled and lysine limiting, growth response and protein deposition should be related to lysine intake. Increasing the lysine level increases the lysine : energy ratio which should increase lean deposition and growth rate. Therefore, availability estimates based on both measures should be similar. This may not apply to assays conducted with ad lib. feeding when differences in food intake may develop between treatments.
Although there were differences in the energy retained : digestible energy intake, this did not appear to affect the results. With the lupin-seed meals, the estimates based on protein deposition were higher and, for meat-and-bone meal, lower. If there was less energy available for metabolism, protein deposition would have been retarded to a greater extent than fat deposition, as less energy is needed for protein deposition. The estimates based on protein deposition had considerably higher standard deviations (0.14-0.16) than those based on carcass deposition (0.1&0.11). These differences in standard deviations may be the reason for the lack of agreement between the two sets of estimates. That carcass estimates seem more appropriate is also supported by the results for protein deposition in Expt 2 (see p. 654). The greater variation in the estimates based on protein deposition is in agreement with the findings of Cave & Williams (1980), who reported unacceptably high fiducial limits when carcass nitrogen gain was compared with weight gain.
There appeared to be no advantage in assessing availability by regressing the measure of response v. lysine intake. Availability estimates and standard deviations were generally higher. In addition, invalidity due to blanks and curvature was a greater problem than with the conventional slope-ratio analysis. These findings are in contrast to the results of Cave & Williams (1 980) , who reported fundamental invalidity in two assays using slope-ratio analysis which were not a problem when the values were regressed v. lysine intake.
The indirect fluorodinitrobenzene-lysine values for the five protein concentrates were high (Table I) , ranging from 0.80 in meat-and-bone meal to 0.96 in lupin-seed meal. These values are consistent with earlier results (Batterham et al. 1984 (Batterham et al. , 1986a and indicate that reactions involving the 6-amino group of lysine do not appear to be the reason for the reduced availability in the lupin-seed meals and meat-and-bone meal.
Expt 2. Effect of autoclaving and energy supplementation
The depressing effects of the oil scpplementation on protein deposition in pigs given the diets containing lupin-seed meal ( Table 9 ) indicate that the diets were adequate in energy. The addition of energy to a diet already adequate in energy, but deficient in lysine, would widen the energy: lysine value even further and depress protein utilization. The increased fat deposition in the pigs given the energy-supplemented diets (Table 10) indicates that part of the extra energy consumed under the controlled feeding system was stored as fat. Part of this energy may also have been used for the higher maintenance cost associated with the depressed protein utilization. The adequacy of the diets in terms of energy indicates that the digestible energy values used to formulate the diets were applicable for these food sources. Therefore a deficiency of energy was unlikely to have been the reason for the low availability of lysine in the lupin-seed meals recorded in Expt 1 nor in the previous slope-ratio assays of Batterham et al. (1984) .
The lower energy retention of pigs given lupin-seed meal (0.32) relative to those given soya-bean meal (0.41) (Table 11) appears to be due, in part, to a higher maintenance cost in these pigs as a result of the slower growth. Although the live-weight gains of pigs on all diets were similar (Table 8) , pigs given lupin-seed meal accumulated digesta in the hind-gut which lowers the killing-out proportion and, thus, carcass gains. Therefore, the maintenance energy cost per unit of carcass gain would be higher than for those pigs fed on the diet containing soya-bean meal. In addition, there would also be a higher energy cost associated with catabolizing surplus amino acids in the lupin-seed-meal diet as a consequence of the lysine deficiency. This cost may also have been the reason for the lower energy retention by pigs given the diets containing lupin-seed meal and meat-and-bone meal in Expt 1.
The adequacy of the diets in terms of net energy also indicates that the equations for predicting net energy, developed by Just et al. (1983) and , are not applicable to diets containing lupin-seed meal for growing pigs. Lupin-seed meal is unusual in that, although it has a high fibre content (Table l) , pigs are able to digest this fibre.
Although this digestion appears to occur in the hind-gut , the results of the present study indicate that the efficiency of energy absorption appears to be similar to that based on digestion in the small intestine. Consequently, prediction equations developed with foods containing conventional fibre sources, which are normally poorly digested, are unlikely to apply.
The lack of response to autoclaving the lupin seed indicates that there were no heat-labile anti-nutritional factors in the sample of L. albus meal. The tolerance to the 370 g/kg inclusion is similar to that of pigs fed on cultivars of L. angustifolius. The lower growth rate appears to be due to the lower lysine availability in the meal. This may also have been the reason for the lower growth performance recorded in earlier studies with cultivars of L. albus (Batterham, 1979; King, 1981; Taverner, 1982) .
The diets for Expt 2 were formulated on a total lysine basis. However, if one applies the availability estimates from Table 6 to the diets used in Expt 2, then the available lysine contents (g/kg diet) of the lupin-seed and soya-bean meal diets (diets 1 and 5 ) were as follows:
Diet 1
Diet 5 Based on carcass gain: food intake* 5.0 6.5 Based on protein deposition : food intake* 6.0 6.3 * Assuming 0.85 ileal digestibility for the lysine in wheat.
In Expt 2, the soya-bean meal diet produced a significantly better rate of carcass weight gain (Table 8 ) and protein deposition (Table 9 ) in the pigs than did the lupin-seed diet. This indicates that the carcass gain: food intake estimates seem more appropriate as it is doubtful that the small differences in availability based on the protein deposition estimates would have resulted in significant differences in growth or protein deposition.
Lysine availability in lupin-seed meal
The results of these experiments confirm earlier studies that the lysine in lupin-seed meal has a low availability for growing pigs. The reason for this has not been elucidated. It is specific to pigs as the availability of lysine for rats (0.82; Batterham et al. 1984 ) and chicks (0.89; E. J. Major and E. S. Batterham, unpublished results) is high. The present study shows that it is not due to a lower net energy in the meal as a result of digestion of part of the energy in the hind-gut of pigs. The previous studies of heat treatment (Batterham et al. 1986a) , together with the present results, indicate that it is not due to heat-labile anti-nutritional factors in the meal. It could be due to one of two factors. There may be an unidentified growth inhibitor in the meal. Such a factor would have to depress performance in a linear manner with increasing inclusion levels of lupin-seed meal. The factor would also have to act by depressing metabolism and not digestion as the ileal digestibility of lysine in the meals was high (0.93 ; . It is also interesting to note that the addition of free lysine to the diets containing lupin-seed meal did not completely overcome the differences in growth-promoting ability between lupin-seed and soya-bean meals (Batterham et al. 1986~) . This supports the hypothesis that there may be an unidentified growth inhibitor present in the seed that depresses production. Alternatively, the low availability may be due to the lysine being in a form that is absorbed but inefficiently utilized. There is evidence that forms of lysine can vary in their nutritional value. For example, E-N-proprionyl-L-lysine has been shown to have no nutritional value for rats (Bjarnason & Carpenter, 1969) but can be utilized by chicks (Varnish & Carpenter, 1975) . Rats absorb propionyl lysine as it is excreted in their urine (Bjarnason & Carpenter, 1969) but lack the kidney enzyme, E-N-lysine acylase, which the chick has, to utilize it (Varnish & Carpenter, 1975) . However, e-N-propionyl-L-lysine is a derivative of lysine produced by heat. For such a form of lysine to be present in lupin-seed meal, it would need to exist in the natural state as the meal is normally given raw.
